Full waveform inversion (FWI) in transversely isotropic media usually requires abundant a priori information, like well data and smoothness assumptions, to make the FWI converge to a plausible solution. The proper model parameterization in transversely isotropic (TI) media with a vertical symmetry axis (VTI) can alleviate some of these limitations. Considering the limitations of our field data acquisition to constrain the long wavelength vertical velocity (the depth information) in VTI media, we test a parameterization using the horizontal velocity, η and ε that is relatively immune from this specific lack of long wavelength description of the background model. We test our claim with a VTI Marmousi II data set modeled under the elastic assumption. The initial velocity is extracted from a smoothed version of the true normal moveout and horizontal velocity models to represent what we expect from the long wavelength analysis of our data (traveltimes). Having an inaccurate δ (equal to zero in this test) caused the inversion parameterized by the vertical velocity, δ , and ε to yield worse results than the inversion parameterized by the horizontal velocity, η and ε.
Introduction
The scattering potentials of perturbations in the anisotropic parameters reveal the data dependency on the parameters used to describe the anisotropic model (Gholami et al., 2013; Alkhalifah and Plessix, 2014) . They also expose our ability to invert for these parameters given the seismic acquisition set-up used in the experiment. The scattering potentials of anisotropic model parameter perturbations are based on the linearized approximation of the wave equation with respect to these parameters given by the first term of the Born series. Since this term constitutes the gradient for full waveform inversion (FWI), it also reveals important information on the parameter tradeoff and their resolvability in FWI (Alkhalifah and Plessix, 2014) . Since the FWI process is highly nonlinear, the story can only be complete when such scattering potential inferences are supported by an FWI implementation. Alkhalifah (2015) studied the short and long wavelength influences of perturbations in the parameters for parameterizations promoted by Alkhalifah and Plessix (2014) for acoustic VTI media. He concluded that a parameterization given by the horizontal velocity v h , the anellipicity parameter h, and the parameter the relates the horizontal-to-the vertical velocity, e, was optimal for FWI using conventional surface seismic P-wave data. In this case, the long wavelength information of v nmo and h (or v h ) are assumed to be included in the initial model and we, thus, need to invert only for v h and e. The role of e in this case is to provide the perturbations necessary to fit the amplitudes of reflections at short offsets to accommodate the limitations of the acoustic model in properly fitting elastic amplitudes. In this abstract, we test these features on a realistic elastic VTI version of the Marmousi II model. To understand what elastic FWI (EFWI) can bring to the table, we share the radiation patterns for the shear wave velocity. In fact, we compare the parameterization suggested by Alkhalifah (2015) given by v h , h, and e with that of the classic Thomsen parameters, given by the vertical velocity v v , d and e, used abundantly in FWI.
The scattering potenital in elastic media
For acoustic VTI media, Alkhalifah and Plessix (2014) derived such patterns for different anisotropic parameter combinations that they deem to be the most practical. Later, Alkhalifah (2015) made the argument for one of these combinations, v h , h, and e, for FWI of conventionally acquired surface seismic P-wave data. Considering the asymptotic Greens function, G(x, k, w) expressed in the frequency, w, domain, for a plane wave described by the wavenumber vector, k, for either the source or receiver wavefields approaching location x, we can write the single-scattered wavefield (Alkhalifah and Plessix, 2014) 
with s is the source function, r is the density, v 0 is the background isotropic velocity, and
The vector r 1 includes the perturbations of the individual parameters, v h , h, e, and v s from top to bottom. Thus, the coefficients of a 1 define the radiation patterns of each parameter for the given parameterization (Aki and Richards, 1980) . The components of the source, {n sx , n sz }, and the receiver, {n rx , n rz }, plane wave unit vectors for reflection from a horizontal reflector are given by {sin(q s ), cos(q s )} and { sin(q s ), cos(q s )}, respectively, where q s is the source incident angle (for horizontal reflectors, it is half the scattering angle).
In Figures 1a and 1b , we show the reflection P-wave radiation patterns for perturbations in the elastic VTI parameters for two different parameterization. The radiation pattern for a perturbation in v s has a behavior similar to that of d or h. However, for conventional offset surface seismic data, the scattering influence of v s (like h or d ) on surface P-wave data is small, and thus, can be neglected. Since, the long wavelength components of v s have little influence on P-wave propagation (Alkhalifah, 1998) , and for simplicity, we can ignore shear waves all together for P-wave inversion. The amplitude disparity will Figure 1 The reflection radiation patterns from a horizontal reflector for the two sets of parameters describing an elastic VTI model. The polar component describes the opening angle between the incidence and reflected wave path, while the radial component expresses the relative amplitude of scattering.
hopefully be absorbed by another parameter, specifically e in the suggested parameterization. There is, however, more to this story when recorded shear waves are involved in the analysis. The VTI parameters used in the elastic modeling are shown in the top row of Figure 2 . The shear wave and density models (not shown here) follow the same structure as the P-wave velocity model. In all the examples, the modeling engine is the same as that used in the inversion (the so called inversion crime), as the purpose of this study is to focus on the tradeoff. For the same purpose, our analysis we utilize frequencies below 1 Hz in the inversion. We will show real data examples of the inversion with the various parameterization in the presentation. Our synthetic dataset mimics a marine acquisition survey with 67 shots every 200 m. and a maximum offset of 5 km. Since we can usually obtain smooth v nmo and h from surface seismic P-wave data using for example tomographic methods, the starting model is constructed by smoothing the exact v nmo and v h models with a window length of 1.5 km. Such smoothing actually results in even a smoother h (Figure 3 second row middle) , which we tend to expect from tomographic inversion methods (compared to velocity). The d model, as usually done without well information, is set to zero (Figure 2 second row depth error in the inverted parameters. Our objective here is to test the tradeoff and convergence for the various parameterizations, thus we use the true d to map the inverted results to their expected depth. The mapping process given by z 0 = z p 1 + 2d is an approximate correction as lateral variation in d influences data recorded on the surface (Alkhalifah et al., 2001) . Finally, v s and density are not updated in the inversion and are equal to a constant value (average value of exact models) in the whole sedimentary section below the water bottom.
Standard v v , d and e parameterization: It is widely used in industry (Vigh et al., 2014; Baumstein, 2014) . Figure 1a shows the radiation pattern for this parameterization (Gholami et al., 2013) . For conventional offset-to-depth ratios (< 2), the scattering wavelengths of d will have little influence on the data. Despite that d has a small imprint for this 5 km offset data, we will invert for it as well. After 15 iterations of EFWI per frequency scale starting from 1 Hz to 11 Hz using an LBGFS approximation of the Hessian, we end up with the inverted models shown in Figure 2 bottom row after applying a depth correction to the inverted models. The inverted vertical velocity shows generally some features of the true model structure, but with higher velocities in some places (Figures 4a and 4b) . The d model, as expected looks erroneous, with limited information added to the initial d model. Finally, the e model also, despite the data sensitivity to it with such parameterization, looks erroneous, especially up shallow. Figure 3 True (top), initial (middle), and inverted (bottom) models for v h (left), h (middle), and e (right). Optimal v h , h and e parameterization: Here, the radiation patterns (Figure 1b) resemble that of the previous parameterization with a change in the role that e plays. Now e helps in fitting the reflectivity whereas before in Figure 1a , e would get mostly updated from the diving waves/long offset data. The parameter h, like d , has a minor role to play in FWI. After a similar frequency continuation LBFGS EFWI with the same number of iterations, we end up with the models shown in Figure 3 bottom row. The horizontal velocity looks more similar to v v , but with more accurate values (Figures 4c and 4d ). More importantly, e now captures the reflectivity, as it absorbed the amplitude mismatch of the elastic assumption, which caused over estimation of velocity in the case of the vertical velocity parameterization.
Discussions
The radiation patterns studied in previous papers for acoustic VTI media considered a background isotropic model. Since, we were looking at local perturbations (smaller than the dominant wavelength), we assumed that the scattering behavior would generally hold for an anisotropic background. Thus, many conclusions were drawn from the radiation patterns to extract proper inversion strategies. This study was conducted to test these assertions and hopefully justify the suggested parameterization even for anisotropic background. Since the convergence of EFWI in the performed complicated tests required updates based on anisotropic backgrounds, we can safely conclude that the suggested parameterization has many of the promoted benefits. In another test, we ran EFWI with our optimal parameterization inverting for v h and e only: the results came out generally similar to what is shown in Figure 3 bottom row, at the reduced cost of not bothering with updating h. 
(left). Conclusions
We numerically tested EFWI with a VTI model parametrized by v h , h, and e. As the radiation patterns for this parameterization suggested, the shear wave velocity and h have minor influence on the inversion of seismic P-wave data with a reasonable offset range (up to 5 km in the test). The density effect is absorbed by e as they share almost the same scattering behavior. Thus, using an initial velocity model given by an accurate background NMO velocity and h (d is set to zero), we compared EFWI results using the v h parameterization, with the commonly used Thomsen's parameter representation of the model. The v h parameterization results, despite the inaccurate d model, provided a reasonable velocity, better than that given by the conventional parameterization.
